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ABSTRACT 
The Effects of an Incomplete Diet on the 
Reproductive Biology of the Male Black 
Blow Fly, Phormia Regina (Meigen). 
(May 1979) 
Edward N. Tobin, B.A., Boston University 
M.S., University of Massachusetts, 
Ph.D., University of Massachusetts 
Directed by: Dr. John G. Stoffolano, Jr. 
The effects of an incomplete (liver free) diet on 
several aspects of the reproductive biology of male P. regina 
were investigated. Non liver fed males inseminated signifi¬ 
cantly fewer sexually mature, virgin females when placed to¬ 
gether on day four of adult life than did their liver fed 
counterparts. Significant differences were evident through¬ 
out one, two, or three days of exposure to the females. The 
accessory reproductive glands of non liver fed males did not 
develop large lumens as did those of liver fed males. How¬ 
ever, non liver fed males did develop accessory reproductive 
glands with a small lumen (ca. one-third the total gland 
width) containing some secretions. Sexual activity, as 
measured by the number of oriented mounts per fifteen minute 
observation period, was not significantly different between 
dietary treatments of males in all male combinations. How¬ 
ever, in the presence of sexually mature, virgin females, the 
liver fed males were six times as sexually active as *the pro¬ 
tein deprived males. 
Vll 
One factor causing the significantly lower sexual ac¬ 
tivity of non liver fed males in the presence of sexually 
mature, virgin females was an unusual licking behavior per¬ 
formed by these males. Observations of the occurrence of 
licking behavior in all possible paired combinations of four 
day old male and female flies, either liver fed or non liver 
fed, revealed that the licking was performed only by non li¬ 
ver fed flies. Further, the licking only occurred in the 
presence of liver fed flies, and was often directed towards 
them. The sex of the flies in the combination was not a fac¬ 
tor in the occurrence of licking. Thus, the licking is 
thought to be in response to liver residues on the cuticle 
of liver fed flies. The licking behavior is also described. 
The importance of liver feeding to male reproductive 
success, via its involvement in the production of accessory 
gland material, is discussed. Licking is suggested to be an 
attempt to rectify an important nutritional deficiency. Mix¬ 
ing fluorescent paint with the liver, providing the mixture 
to flies, and subsequent examination of the flies under ul¬ 
traviolet light revealed that the flies had spots of fluor¬ 
escence on their cuticle. Spots were prevalent around the 
anal-genital area and the posterior wing margins. The pat¬ 
tern of the spots corresponds to the areas most often licked 
by non liver fed flies. This further supports the hypothesis 
that the licking was in response to liver residues on the li¬ 
ver fed flies. 
• • • 
VI.11 
Investigation of possible exogenous sources of nutri¬ 
ents available to the nutritionally deprived males, that were 
not provided by the investigator, demonstrated that the non 
liver fed males fed on fecal spots deposited in the holding 
cages prior to experimentation. Chemical analyses of the fe¬ 
cal spots demonstrated that they were proteinaceous. Thus, 
the observed differences between dietary treatments of males 
are actually minimized. 
ix 
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CHAPTER I 
INTRODUCTION 
Studies of the effect of diet on the reproductive biol¬ 
ogy of insects have primarily been directed towards the fe¬ 
males of the species being investigated. The requirement of 
protein for yolk production and ovarian development is well 
documented. The relatively large size of the ovaries during 
and at maturation provides a visible criterion for their de¬ 
velopment, as well as sufficient amounts of materials for 
chemical assays. These features have made the females the 
model system in this type of study. During a symposium on 
nutrition and reproduction insects, Johansson (1964) stated, 
"Whereas female reproduction may be strongly influenced by 
nutrition, male reproductive activity is but little effected." 
• < 
Subsequently, however, males of many species of insects have 
been found to require specific nutrients for their reproduc¬ 
tive processes. The study of nutritional effects on male re¬ 
production is a relatively recent area of investigation; and, 
since the literature is sparse and contradictory, even at the 
generic level, this report will deal primarily with the 
muscoid Diptera. 
The requirement of a complete, species specific diet 
for the development of glandular accessory structures asso¬ 
ciated with the reproductive system of the males has been 
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demonstrated in several species of muscoid Diptera (Foster 
1967, 1976; Stoffolano 1974; Anderson 1978). In addition to 
this requirement, a complete diet has been found to be a pre 
requisite for the manifestation of the full potential of mat 
ing behavior by the males (c.f. Parker 1968; Foster 1967, 
1976; Anderson 1978). Thus, the study of the reproductive 
biology of the males may provide as fertile an area as the 
females for the study of reproductive processes in insects. 
The reproductive biology of males may prove to be an import¬ 
ant area of investigation for possible control procedures. 
This is especially true in light of the roles of the male ac 
cessory reproductive secretions in influencing the reproduc¬ 
tive processes of the mated females (c.f. Leopold 1976), how 
ever, more investigations into the reproductive biology of 
males are necessary. 
Phormia regina (Meigen) has been used mainly as the mo 
del system for the study of mechanisms involved in the regu¬ 
lation of feeding (c.f. Dethier 1969; Gelperin 1971). 
Dethier (1969), Belzer (1970), and Greenberg and Stoffolano 
(1977) have demonstrated feeding preference patterns in both 
sexes. Belzer (1970) also demonstrated definite drives for 
nutrients other than carbohydrates in both sexes, although 
the mechanisms were not determined. The requirement of a 
complete diet in female reproduction was elucidated by Orr 
(1964a and 1964b), and more recently by Pappas and Fraenkel 
(1977), while Stoffolano (1974) reported the necessity of 
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liver feeding for the development of male accessory reproduc¬ 
tive glands. There are no reports concerning the effects of 
diet on various aspects of the reproductive biology of male 
P. regina. 
The present study was undertaken to investigate the in¬ 
volvement of liver feeding in several aspects of the repro¬ 
ductive biology of male P. regina. Areas selected for study 
were: (1) the effect of male diet on insemination of fe¬ 
males; (2) the role of liver feeding in the development of 
the male accessory reproductive glands in this laboratory 
strain; (3) the effect of a liver free diet on the sexual ac¬ 
tivity of males. In addition to these, licking of liver fed 
flies by non liver fed males, noted by Stoffolano during his 
study of the effect of diet on accessory reproductive gland 
development (Stoffolano, personal communication), was ex¬ 
amined regarding the factors that caused its occurrence and 
its implications concerning male reproductive biology. 
Finally, a study was performed which elucidated a 
clandestine source of protein which was available to protein 
deprived flies. 
CHAPTER I I 
LITERATURE REVIEW 
A. Feeding in Adult Male Muscoid Diptera 
There exists a great range in the feeding habits of 
adult male muscoid Diptera. Adults of many species of vet¬ 
erinary importance, such as bot flies and warble flies, 
(Oestridae, Cuterebridae, and Gasterophilidae) lack func¬ 
tional mouthparts and do not feed. Thus, their nutritional 
requirements are fulfilled by stores from the larval instars 
(c.f. Greenberg 1959). Tsetse flies (Glossina sp.), as other 
monophagous muscoid Diptera, obtain all their nutritional re¬ 
quirements from vertebrate blood (Foster 1976). Many other 
species of muscoid Diptera are polyphagous in their feeding 
habits. Polyphagy enables and requires an animal to choose 
its food source, depending upon its nutritional requirements 
(c.f. Rozin 1976). Scatophaga stercoraria L. is a preda¬ 
ceous species, but survives in the laboratory on a diet of 
only sucrose and water (Foster 1967). Stomoxys calcitrans 
(L.) is an hematophagous species that also can be sustained 
on a diet of only sucrose and water (Anderson 1978). The 
males of both species, however, demonstrate definite feeding 
preferences when provided with the components of their nor¬ 
mal, complete diet (Foster 1967; Anderson 1978). 
4 
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B. The Feeding Preferences of Male and Female P. regina 
The feeding habits of the black blow fly, P. regina, in 
the field have not been elucidated. During the present 
study it was found that, in laboratory colonization, however, 
the males feed on sucrose, water, and liver that are provided 
in the cage, although sucrose and water are sufficient for 
adult survival (Kamal 1958). Definite feeding preferences 
have been demonstrated experimentally for males of this spe¬ 
cies. Dethier (1961) reported an increase in protein (yeast 
solution) consumption of males until days 4-8 of adult life, 
then a decline throughout the remainder of their lives. Si¬ 
milarly, Belzer (1970) reported that male P. regina feed on 
protein (yeast solution) on days 1 and 2 of adult life, fol¬ 
lowed by little if any until death. Greenberg and Stoffolano 
(1977) reported moderate protein (yeast solution) feeding by 
males for the first 4-5 days after emergence, followed by a 
subsequent decline in protein (yeast solution) feeding. De¬ 
spite the discrepancies in the exact pattern of protein 
(yeast) ingestion by males, all three reports show a prefer¬ 
ence for yeast early in the adult life of the males. 
In 1961, Dethier demonstrated what he called a "protein 
drive" in female P. regina, but failed to show one for males. 
Later, Belzer (1976) showed a definite protein drive in the 
males. The protein drive demonstrated a physiological re¬ 
quirement for a complete diet in the males, although the 
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basis of the requirement was unknown. Liver or yeast inges¬ 
tion and the protein drive early in adult life suggest that 
a complete diet is necessary in the sexual maturation of 
males. A similar pattern of ingestion of liver exudates has 
been reported for male L. cuprina (Weid.) by Roberts and 
Hitching (1974), however, no physiological basis for this 
feeding was found. 
C, The Role of a Complete Diet in Individual Survival 
As stated by Dethier (1969), growth and cell multipli¬ 
cation, except within the gonads, is complete at emergence 
from the pupal stage. Therefore, it is not likely that a 
complete diet is necessary for building tissue, although it 
may be necessary for body maintenance. 
The availability of protein (powdered milk) in the diet 
does not effect the longevity of male house flies, Musca 
domestica L. (Gray and Berberian 1971). Tyndale-Biscoe 
(1971) reported that protein (dung) feeding slightly de¬ 
creased the longevity of male Australian bush flies, Musca 
. / 
vetustissima Wlk. Although there are no reports of studies 
investigating the effect of ingestion of proteinaceous sub¬ 
stances of longevity of male P. regina, several reports evi¬ 
dence that such substances are not required for longevity in 
the females, or in cages of both sexes, through the period of 
peak reproductive activity, Rasso and Fraenkel (1954) demon¬ 
strated that maximum longevity of females on a diet of 
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liver and water was five days. Dethier (1969) reported that 
P. regina did not survive longer than four days on a diet of 
liver alone, while Kamal (1958) reported maximum longevity of 
seven days in P. regina provided with only water. Maximum 
longevity of twenty-one days was reported in females fed only 
sucrose and water by Rasso and Fraenkel (1954), while Kamal 
(1958) reported a maximum longevity of twenty-two days in 
cages of both sexes fed the same diet. Thus, a diet of li¬ 
ver, without carbohydrates, is equivalent to a diet of water 
in its ability to sustain individual survival. Carbohydrates 
are required for longevity through the period of peak repro¬ 
ductive activity of this species. The period of reproductive 
activity was reported to be from ca. day 4 to day 19 of adult 
life (Kamal 1958). The increase in longevity of the flies 
fed a diet of water, sucrose, and liver to ca. 52 days (Kamal 
1958) indicates that liver may be necessary for body mainten¬ 
ance later in adult life. 
As a general statement on the nutritional requirements 
of adult P. regina: it appears that carbohydrates and water 
suffice for survival through the period of reproductive ac¬ 
tivity and it is unlikely that liver or other proteinaceous 
foods are required for nonreproductive purposes in sexually 
active adults (c.f. Greenberg 1959). 
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D. The Role of a Complete Diet in the Reproductive 
Biology of Male Muscoid Diptera 
The two primary contributions by the male during copu¬ 
lation are spermatozoa, and some type of seminal fluid (c.f. 
Davey 1965). Spermatogenesis occurs in the pupal or penulti¬ 
mate instar of most species of insects (Davey 1965). Cowan 
(1932) reported the absence of mature sperm in male P. regina 
during the first forty-eight hours after adult emergence. 
Subsequent investigations of P. regina males (Stoffolano 
1974) demonstrated that mature sperm are present at eclosion. 
This was confirmed in the present study. Similarly, French 
and Hoopingarner (1965) demonstrated the presence of mature 
sperm at eclosion in M, domestica. In addition, the pre¬ 
sence of sperm in males which have not fed on a complete diet 
has been reported in S. stercoraria (Foster 1976) and S. 
calcitrans (Anderson 1978). These studies do not preclude 
the absence of sperm at eclosion, but do demonstrate that a 
complete diet is not required for spermatogenesis in these 
species. 
The period from emergence to the first successful in¬ 
semination of receptive females was reported to be eighteen 
to twenty-seven hours in M, domestica (Michelsen 1960). 
Pre-insemination periods from emergence to first insemina¬ 
tion, due to the time required for males to reach sexual ma¬ 
turity, have also been reported in males of S. calcitrans 
(Harris et al. 1966), S. stercoraria (Foster 1967), and 
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G. austeni (Foster 1976). Despite the actual time to first 
insemination, copulation did occur at least twenty-four hours 
prior to the first insemination in all three species (Foster 
1967, 1976; Killough and McKinstry 1965). In addition, copu¬ 
lation prior to the transfer of a complete spermatophore was 
reported in G. morsitans (Foster 1976). Thus, the presence 
of sperm and the occurrence of mating behavior are not the 
factors determining sexual maturity in the males of these 
species. Rather, the production and accumulation of acces¬ 
sory secretions is the primary limiting factor determining 
sexual maturity in males (c.f. Leopold 1970). 
The requirement of a complete diet for accessory re¬ 
productive gland development has been demonstrated in S. 
stercoraria (Foster 1967), P. regina (Stoffolano 1974), G. 
morsitans and austeni (Foster 1976), and S. calcitrans (An¬ 
derson 1978) . The time of appearance of secretions in the 
glands of P. regina was day 4 of adult life (c.f. Stoffolano 
1974) . This coincides with the reported time to first copu¬ 
lation in this species, which is day 3-7 (Kamal 1958) . In 
M. domestica, the time of the first successful insemination 
by males also coincides with the time of maximum storage of 
accrssory secretions (Leopold 1970). No temporal correla¬ 
tions between the production of accessory secretions and in¬ 
seminations were investigated in the other species mentioned 
above, however, interrelationships between accessory gland 
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size, feeding on proteinaceous substances, and insemination 
were reported (see below). 
The diet of males of several species of muscoid Diptera 
has had no effect on their ability to inseminate females. 
Males of M. domestica (Sacca and Benetti 1960), M. autumnalis 
(D. Geer) (Chaudhury and Ball 1973), M. vetustissima 
(Tyndale-Biscoe 1971), and Rhagoletis pomonella (Walsh) (Web¬ 
ster and Stoffolano 1978) successfully inseminate females af¬ 
ter having access to a diet of only sucrose and water. Fos¬ 
ter (1967) reported that prey deprived male S. stercoraria 
did not inseminate females. Foster (1976) reported a de¬ 
crease in insemination of females by non bloodfed male G. 
morsitans. A similar decrease in insemination by sugar fed 
males was reported by Schroeder et al. (1973) in Dacus 
curcubitae Coq. and by Anderson (1978) in S. calcitrans 
A complete absence of mating behavior was noted in prey 
deprived S. stercoraria by Foster (1967). Reduced mating 
activity has also been reported in males of Protophormia 
terrae-novae (R.D.) (Parker 1968), L. cuprina (Bartell et 
al. 1969), G. morsitans and austeni (Foster 1976) which had 
not fed on proteinaceous substances. 
Since no physiological basis could be found for dung 
feeding by male M. vetustissima, Tyndale-Biscoe (1971) sug¬ 
gested that this feeding and the search for dung may act as 
a behavioral mechanism to aggregate the sexes at a site for 
mating and oviposition. A similar hypothesis has been 
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proposed for feeding on proteinaceous substances in male L. 
cuprina by Roberts and Kitching (1974). Although the report 
of Shorey et al. (1969) that male L. cuprina are sexually 
stimulated by the odor of liver supports this idea, the feed¬ 
ing of males on proteinaceous substances has been correlated 
with physiological reproductive processes in several other 
species. 
E. Male Accessory Secretions 
The necessity of male accessory secretions for sperm 
transfer is an a priori assumption in a terrestrial animal. 
Since sperm are aquatic, they require an aquatic medium for 
survival (c.f. Davey 1965). This medium is produced by males 
of terrestrial species as seminal fluid (c.f. Davey 1965; 
Parker 1970). This assumption was substantiated by Lefevre 
and Jonsson (1962) with Drosophila melanogaster Meigen. 
These authors reported that males whose accessory secretions 
had been depleted by consecutive matings could not inseminate 
more females, although sperm were present. Similar findings 
were reported by Anderson (1978) with S. calcitrans. Leopold 
(1970) also suggested that accessory secretions are necessary 
for sperm transfer in M. domestica. Although males whose ac¬ 
cessory secretions were depleted by consecutive matings did 
inseminate more females, the duration of copulation in¬ 
creased. The increased time of copula was attributed to time 
required to synthesize additional accessory secretions 
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(Leopold 1970) . Sperm transfer in the absence of accessory 
secretions has been reported in mosquitoes. Adlakha and 
Pillai (1975) reported insemination of female Aedes aegypti 
(L.) and Culex pipiens fatigans by males whose accessory 
glands had been surgically removed. 
The chemical composition of the accessory secretions 
of M. domestica (Terranova et al. 1972) and A. aegypti 
(Fuchs et al. 1969) have been determined. Both materials 
were shown to be proteinaceous. The proteinaceous nature of 
the accessory secretions is of importance to the present 
study because the protein sources used in this and all other 
studies cited were not pure protein. The protein sources 
utilized were either milk, yeast, vertebrate blood, liver, 
dung, or living insects. All of these substances are mix¬ 
tures of various nutrients, but all are highly proteinaceous. 
The chemical nature of the accessory secretions supports the 
contention that protein is a nutritive part of the food 
source of importance in the production of accessory secre¬ 
tions, though possibly not the only one. 
Zingrone et al. (1959) provided the first evidence of 
monogamy in female M, domestica, while Rieman et al. (1967) 
demonstrated that this behavior was controlled by the male 
accessory secretions. Monocoitic effects of accessory se¬ 
cretions has also been reported in females of Cochliomyia 
hominivorax Coq.(Bushland and Hopkins 1951); S. calcitrans 
(Harris et al. 1966); M, autumnalis (Killough and McClellan 
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1969); and P. regina (Nelson et al. 1969). In addition to 
the intraspecific monogamic effect of male accessory secre¬ 
tions, Nelson et al. (1969) suggested that the mechanism 
which induces monocoitic behavior in females may be similar 
throughout the Diptera. Their study demonstrated that the 
accessory secretions of male C. hominivorax (Calliphoridae), 
P. regina (Calliphoridae), and A. aegypti (Culicidae) in¬ 
duced refractiveness to mating in female M. domestica 
(Muscidae). 
Leopold (1976) provided an extensive review of the 
roles of male accessory secretions in insect reproduction. 
In addition to serving as the medium for sperm transfer and 
inducing monocoitic behavior in females, Leopold discusses 
several other functions of the secretions throughout the In- 
secta. One other function of the secretions that occurs in 
the Diptera, and is of interest to the present study, is the 
role of the secretions in stimulating oviposition in mated 
females. Stimulation of oviposition by male accessory secre¬ 
tions has been reported in D, melanogaster, Drosophila 
funebris, M. domestica, Hylemya brassicae (Bouche) and six 
species of mosquitoes (c.f. Leopold 1976). Also, this author 
reported that the factor stimulating oviposition is nonspe¬ 
cific, since reciprocal transplants of male accessory glands 
between species from different families of Diptera stimulated 
oviposition in the recipients. 
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Since few studies of male accessory glands and their 
secretions have been made, there probably are many further 
functions of the secretions that have not been elucidated 
(c.f. Leopold 1976). In fact, Terranova et al. (1972) pro¬ 
posed that there may be a separate function for each of the 
twelve protein fractions they found in the secretions of male 
M. domestica. Such functions may include roles in sperm 
storage, activation of spermathecal glands, and effects of 
sperm utilization. Adlakha and Pillai (1975) reported that 
male accessory secretions are necessary for sperm utilization 
in A. aegyptia and C. p. fatigans. 
The above functions of the male accessory secretions 
demonstrate the great importance of these materials in ensur¬ 
ing the utilization of a given male's sperm by a mated fe¬ 
male. In 1970, Parker cited the male accessory secretions 
as being a major mechanism which has evolved to reduce compe¬ 
tition between the sperm of several males within a female, 
thus ensuring the individual male's contribution to the next 
generation. 
F. Behavioral Considerations 
The effects of starvation on the feeding behavior of 
several species of Diptera has been well documented (c.f. 
Barton Browne 1975; Brady 1975). Complete starvation leads 
to increased spontaneous locomotor activity, thus increasing 
the probability of finding food, in P. regina (Green 1964) 
15 
and G. morsitans (Brady 1975). Food deprivation also results 
in lowered recognition thresholds of food in P. regina 
(Dethier 1969) and to increased sensitivity to moving objects 
in the blood feeding G. morsitans (Brady 1975). These stu¬ 
dies demonstrate mechanisms to heighten sensitivity to the 
species' typical food sources. However, no studies have 
demonstrated that individual insects will resort to feeding 
on their own feces, or other unusual food sources to satisfy 
a nutritional requirement. 
One phenomenon which may demonstrate that insects will 
resort to feeding upon an unusual food source in times of nu¬ 
tritional deficiency is the puddling behavior in butterflies. 
Feeding upon puddles of rainwater, which contain inorganic 
ions as well as organic nutrients, has been correlated with 
the sodium content of the water (Arms, Feeny, and Lederhouse 
1974). These authors concluded that the stimulation to feed 
oh the puddles is primarily due to the sodium content. Fur¬ 
ther, they state that the normal diet of the butterflies 
(nectar) is relatively low in this ion. However, it is not 
clear if the puddling behavior is a species adaptation to in¬ 
sure an adequate diet, or attempts by nutritionally deprived 
individuals to rectify their deficiency. 
Fecal feeding is a widespread phenomenon among insects 
in the Order Isoptera. The proctodeal feeding by termites 
has evolved as a mechanism for reinfection with symbiotic 
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microorganisms which are shed at each molt, and a means for 
pheromone dispersal throughout the colony. 
Fecal feeding as individual behavior by nutritionally 
deprived animals has beer, demonstrated in vertebrates: Rats 
have been shown to feed on their own feces when provided 
with a diet that is deficient in B vitamins (Rozin 1976). 
This fecal feeding is an attempt by the rat to rectify the 
dietary deficiency (Rozin 1976). 
There are no reports of insects obtaining nutrients 
from food residues on the surfaces of other insects. No re¬ 
ports of studies of nutritionally deficient males have men¬ 
tioned any attempt of the deficient flies to rectify the de¬ 
ficiency in a nonpredaceous species. One possible example of 
this phenomenon may be inferred from the results presented by 
Bartell et al. (1969) in a report on the sexual activity of 
non liver fed male L. cuprina. Behavioral assays in an ol¬ 
factometer revealed that the odor of liver increased the num¬ 
ber of mounts on non liver fed males by other non liver fed 
males. The authors interpreted the mounts as being courtship 
attempts. While these males may be autogenous and sexually 
stimulated by liver odor, the possibility exists that the 
mounts were feeding responses elicited by the odor of liver. 
The problem of inferring the purpose of a fley to fly encoun¬ 
ter was cited by Foster (personal communication). He stated 
that prey deprived male S. stercoraria land upon other males 
and leave almost immediately, but it was not possible to 
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determine if the behavior was an incomplete predatory re¬ 
sponse or an incomplete mating response. Thus, unless the 
copulatory position is achieved, which suggests the genital 
orientation phase of courtship (see Tobin and Stoffolano 
1973a), the fly to fly encounter may not be a courtship at¬ 
tempt. 
CHAPTER III 
MATERIALS AND METHODS 
A. Maintenance of Experimental Animals 
The insects used in this study were from a colony of 
Phormia regina (Meigen) reared in the laboratory according to 
the method described by Greenberg and Stoffolano (1977). 
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Flies for all experiments were separated by sex under cold 
immobilization within twelve hours of emergence. The flies 
were maintained in wooden or plastic frame, screened cages at 
252°C., ca. 50 percent R.H. and constant light. Males were 
divided into two groups and maintained on one of two diets. 
The components of the complete diet included water, granu¬ 
lated sucrose, and beef or pork liver. The liver free diet 
was composed of only granulated sucrose and water. All fe¬ 
males were provided with the complete diet. Hereafter, flies 
that had been provided with the complete diet will be noted 
as LF (liver fed) and those provided with the liver free diet 
will be noted as NLF (non liver fed). Cages of NLF flies 
were inspected daily and dead or apparently weak flies were 
removed to eliminate them as a potential protein source. As 
a further caution to prevent contamination of the NLF cages 
with proteinaceous material from the cages of LF flies, the 
cages of NLF flies were always positioned above the cages 
housing LF flies. 
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B. Experimental Procedures 
1. Insemination experiments. On day four of adult life, 
i 
flies were removed from the holding cages and transferred to 
small, wooden frame, screened cages. Twenty pairs of flies 
were placed in each cage. The twenty pairs were composed of 
either twenty LF males or twenty NLF males with twenty LF fe¬ 
males. These combinations of flies were maintained with only 
sugar and water for the appropriate exposure time, then the 
females were examined for the presence of sperm in the 
spermathecae. 
Preliminary experiments had indicated that after three 
days of exposure to females the NLF males were capable of in¬ 
seminating ca 20-30 percent of the females. Since the nutri¬ 
tional state of the males was of primary concern, three expo¬ 
sure periods of one, two, or three days were utilized to de¬ 
termine if the NLF males were obtaining enough nutrients from 
the LF females (from feces or surface contamination with food 
residue) to approximate normal successful insemination of fe¬ 
males. If liver deprivation affected the NLF males, a sig¬ 
nificant decrease in insemination between treatments should 
be evident at all three exposure periods. If the NLF males, 
compared to LF males, demonstrated a greater increase in in¬ 
semination over time, feeding on substances other than those 
provided by the investigator by the NLF males would be sug¬ 
gested. 
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These experiments were replicated using three different 
generations of flies. The data obtained were analyzed using 
an analysis of variance and linear regression analysis. 
2. Accessory reproductive gland development. In order to 
determine the role of liver feeding on accessory reproductive 
gland (ARG) development, LF and NLF males were removed from 
the holding cages and examined for degree of ARG development. 
Two flies/treatment/day were examined on days 1, 2, 3, 7, 9, 
and 12 of adult life. Ten flies/treatment were examined on 
day 4, the day on which insemination experiments had begun 
(c.f. Chapter III). This procedure was replicated with a 
second generation of flies to observe any pattern of develop¬ 
ment of the glands. Once the pattern had been established, 
ten flies/treatment from two generations were dissected and 
their ARGs measured. 
With one addition, measurements of the ARGs were made 
according to the method described by Stoffolano (1974). The 
width of the lumen, if present, was measured at the middle 
of the long axis of the gland. This additional measurement 
and the lumen to width ratio were considered to give a better 
indication of the activity of the glands than their overall 
size. 
3. Observations of sexual activity. These observations were 
' ■■  '' T 1 ■ »■—' ~ “»1—' * " *    ' ' " Ml "* ' " " 11 ' " • 
carried out with four to five day old, virgin flies which 
were removed from the holding cages under cold immobilization. 
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The observation arenas were cylindrical, clear plastic con¬ 
tainers (3300 cc. capacity) fitted with cloth sleeving to 
facilitate handling the flies. The volume of these con¬ 
tainers was half that of the cages (ca. 6600 cc.) used in 
the insemination experiments. Therefore, to maintain a 
constant volume to fly ratio, which minimizes errors due to 
chance of encounter in comparisons with the insemination 
data, ten pairs of flies were observed. The ten pairs were 
composed of either ten LF or ten NLF males with ten LF fe¬ 
males. In order to accurately identify the flies during 
these observations, males were marked with a spot of white 
paint on the notum. 
The observations of sexual activity of the males were 
made for fifteen minute periods every hour for four hours. 
The number of oriented mounts (O.M.) performed were recorded. 
Also, licking behavior, if any, was noted. An O.M. consisted 
of a male assuming the copulatory position on another fly. 
Numerous O.M. observed in the holding cages of males of 
both dietary treatments indicated that the NLF males were 
more sexually active than the observations of heterosexual 
activity showed. Therefore, to determine if the presence of 
LF females affected the sexual activity of the NLF males, ob¬ 
servations were made of the homosexual activity of both 
treatments of males. These observations were performed in 
the manner described above for heterosexual activity. To fa¬ 
cilitate comparisons between LF and NLF males in the 
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heterosexual and homosexual situations, the raw data obtained 
during the occasions of homosexual activity were treated ac¬ 
cording to the method used by Parker (1968). That is, the 
number of O.M. performed in the homosexual situation was 
halved when compared to the number of O.M. in the hetero¬ 
sexual situation. This was done because the all male obser¬ 
vation arenas contained twice as many flies capable of per¬ 
forming O.M. 
All observations of sexual activity were replicated 
with four different generations of flies. Results were 
analyzed using Duncan's Multiple Range Test. 
4. Observations of licking behavior. These observations 
were performed in the same manner as the observations of 
sexual activity. For this series of observations, all pos¬ 
sible paired combinations of sex and diet were observed for 
the occurrence of licking. The sex and diet of the flies 
performing the licking, as well as the target of the behav¬ 
ior, were noted. These observations were replicated with 
four generations of flies, except for the all female combi¬ 
nations, which were replicated twice. 
5. Assay for the presence of liver residue on LF flies. The 
most satisfactory assay to investigate the possibility that 
the LF flies were contaminated with residues of liver on the 
cuticle was to mix flourescent powder with the liver and 
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subsequently exained the surface of the flies under ultra¬ 
violet light. 
Flies for this study were handled and maintained as for 
all previous experiments, the sole difference being the ad¬ 
dition of non-toxic, fluorescent, poster paint to the liver. 
The paint, liver, and liver exudates were mixed, placed in a 
clean dish, and placed into a holding cage with flies of both 
sexes. The cage was then examined under ultraviolet light to 
insure that no fluorescence had contaminated the cage. Thus, 
at the start of the experiment, the liver and its exudates 
were the only source of fluorescence. 
On the fourth day of adult life, ten flies were removed 
from the cages and individually examined for the presence of 
fluorescent material on the cuticle. The pattern of fluor¬ 
escence on each fly was diagrammed on line drawings of flies. 
The experiment was replicated with a second generation of 
flies. 
6, Fecal feeding by NLF males. Observations were performed 
to determine if the NLF males were feeding on the feces de¬ 
posited in the holding cage in an attempt to obtain a com¬ 
plete diet. Prior to providing the sugar to the flies, the 
wax coating of the feeding dish was scribed to delineate four 
equal quadrants, around the circumference of the dish, from 
the level of the sugar to the top of the dish. These quad¬ 
rants were numbered, the sugar added, and the dish was placed 
in the cage containing sixty flies. 
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After twenty-four hours, the dish was removed from the 
cage and the size and arrangement of the dark fecal spots 
were diagrammed. The dish was replaced, and the procedure 
was repeated after another twenty-four hours. During the 
second count, new fecal spots were diagrammed and missing fe¬ 
cal spots were noted. The dish was replaced for an addition¬ 
al thirty-six hours, at which time the final count of missing 
fecal spots was made. The experiment was replicated with a 
second generation of flies. 
The above procedure would determine if the NLF males 
did feed on the available fecal spots, as well as indicating 
how many of the spots were fed upon. The time schedule used 
was chosen because the pupal fat body is normally utilized 
within the first two to three days of adult life in this 
species (Stoffolano 1974) and the feces deposited at that 
time were most likely to be proteinaceous. The final count 
was made on days 4-5 of adult life when the flies were used 
in other experiments. 
The final step of this study was an analysis of the 
feces to determine if they were proteinaceous. Two analyses 
were performed, one using Labstix R urinalysis reagent 
strips used in clinical medical laboratories. These strips 
are composed of a series of reagent patches for several me¬ 
dical tests. Specifically, there is a patch impregnated with 
Tetrabromphenol Blue, an indicator for protein. This area 
was moistened with phosphate buffered saline and touched 
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to five fecal spots which had been deposited by the young NLF 
males. Five tests were performed on the feces of two genera¬ 
tions of young NLF males. The second assay used was Bram- 
hall's procedure for protein determination (Bramhall et al. 
1969). Fecal spots were collected on filter paper moistened 
with phosphate buffered saline and assayed. Three replicates 
of five spots per replicate were assayed. 
CHAPTER I V 
RESULTS 
A. Insemination of LF Females by LF Versus NLF Males 
The results of this experiment are presented in Table 
1. These data show that after one day of exposure to fe¬ 
males, the LF males had inseminated 30/56 or 53.6 percent of 
the females, while 1/57 or 1.8 percent of the females were 
inseminated by NLF males. After the two day exposure period, 
34/52 or 65.4 percent of the females were inseminated by LF 
males, while 4/56 or 7.1 percent of the females were insem¬ 
inated by NLF males. Finally, after the three day exposure 
period, 45/55 or 81.8 percent of the females were inseminated 
by the LF males, with 14/58 or 24.1 percent being inseminated 
by the NLF males. Differential mortality in the experimental 
cages accounts for the variation in the number of females 
examined. Thus the percentage insemination, rather than the 
actual number of females inseminated, is of primary concern. 
These data demonstrate a significant difference in the 
percentage successful insemination of females between the two 
dietary treatments of males throughout all three exposure 
periods (P<.01). Further analysis of these data demonstrates 
a significant increase in percentage successful insemination 
over the length of exposure to females by both dietary 
treatments of males (P<.01). However, the rate of increase 
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of percentage insemination over time is not significantly 
different between the two dietary treatments of males. 
B. Effect of Diet on ARG Development 
Investigation of the effect of protein deprivation on 
the development of male ARGs began with newly emerged (less 
than twelve hour old), unfed flies. The glands of these 
flies were homogenous, but globular internally. No lumens 
were evident. On days two and three of adult life, the 
glands of LF males developed a distinct lumen. The lumen was 
narrow at first, then enlarged with a corresponding decrease 
in size of the peripheral cells. By day four or five, the 
glands had developed lumens that ranged from one-third to 
three-quarters of the total gland width. Examination of the 
ARGs of eighteen LF males revealed that on day four of adult 
life, the ARGs of twelve males had developed lumens that were 
more than half the total gland width; the glands of five 
males had developed narrow, but distinct lumens; and the 
glands of one male were as newly emerged males. 
The development of the ARGs of the NLF males differed 
from the pattern described above. ARGs examined on day two 
were as newly emerged males. On days three, four, and five 
the majority of the glands examined had a narrow lumen formed. 
Examination of the ARGs of twenty NLF males revealed that on 
day four, the ARGs of seventeen males had developed a narrow 
lumen; the glands of three males were as newly emerged males. 
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No glands had developed a lumen more than half the total 
gland width. In the NLF males, the ARGs did not develop be¬ 
yond the narrow lumen stage through day twelve of the ex¬ 
periment. 
Once this pattern had been established, five day old 
flies, those used in the observations, were dissected and 
their ARGs measured. These data are presented in Table 2. 
The most important criterion for comparison is the lumen/ 
total width ratio. In overall size, the glands of the males 
of both treatments were quite similar. The glands of the LF 
males were only 1.38 times as long and 1.30 times as wide as 
those of the NLF males. However, the lumen/total width ratio 
of the glands of the LF males was 2.78 times that of the NLF 
males. One major point regarding the development of the 
ARGs in NLF males is not shown in Table 2. That is, nineteen 
of the twenty NLF examined showed some development of the 
ARGs and the presence of a fluid in the lumen. 
C, Sexual Activity of LF Versus NLF Males 
1. Observations of the sexual activity of LF versus NLF 
males with LF females. The results of these observations, as 
well as those of subsequent observations of homosexual acti¬ 
vity, are presented in Table 3. These data demonstrate that 
the LF males were ca. 6X more active with LF females than 
were the NLF males. This difference was found to be signif¬ 
icant (P<.025). However, the previously reported, unusual 
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TABLE III.—The effect of diet and partner on the sexual activity of 
male P. regina as measured by the mean number of oriented mounts performed 
per 15 minute observation period.^-'2 
Replicate 
3 
Heterosexual combination 
LF male NLF male 
4 
Homosexual combination 
LF male NLF male 
1 4.50 0.75 5.50 4.38 
2 3.00 0.00 4.13 3.38 
3 6.50 0.75 2.25 1.50 
± 12.25 2.75 12.25 3.88 
X 6.56a* 2 3 * 5 1.06b 6.03a 3.28ab 
LF denotes liver fed; NLF denotes non liver fed 
^Observations were performed on ten pairs of flies per replicate. 
2 
All flies were 4-5 days old. 
3 
All females were LF. 
^These data are one-half the actual number of oriented mounts observed 
since there were 2X as many males in these combinations (see p. 22) . 
^Values followed by the same letter are not significantly different 
(Duncan’s Multiple Range Test). 
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licking behavior by the NLF males did, in fact, occur and ap¬ 
peared to effect the mating activity of these males. 
2. Behavior noted in the LF male X LF female combination. 
The courtship ritual of this species has not been described. 
Observations indicate that the ritual is superfically similar 
to that of the face fly, Musca autumnalis De Geer (Tobin and 
Stoffolano 1973b). Detailed description of the ritual of 
this species is beyond the scope of this study, however, the 
basic pattern serves as a basis for distinguishing actual 
courtships from random encounters. No unusual behaviors were 
noted in this combination. 
3. Behavior noted in the NLF male X LF female combination. 
Courtships observed in this combination did not differ notic- 
ably from those performed by LF males. Although there were 
relatively few courtships in this combination, the males were 
active through most of the observation periods. Their activ¬ 
ity centered around licking the females and the cage. This 
behavior was investigated further and is discussed in detail 
below. 
4. Observations of homosexual activity. The results of 
these observations, treated as described previously (see p. 
22), are presented in Table 3. As the data demonstrate, the 
homosexual activity of NLF males is greater than their heter¬ 
osexual activity. The LF males were only ca 1.3 times as 
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active as the NLF males for the first three replicates. The 
fourth replicate is unusual due to the performance of many 
consecutive courtships by two or three of the LF males. Sta¬ 
tistical analysis of these data revealed no significant dif¬ 
ference between the sexual activity of the two treatments. 
The number of O.M. observed in the LF male heterosex¬ 
ual, LF male homosexual, and NLF male homosexual combinations 
were not significantly different. The only significant dif¬ 
ferences were found between the NLF male heterosexual combi¬ 
nation and both LF male combinations (P<.05). 
D. Licking by NLF Flies 
1. Occurrence of the licking behavior. Table 4 summarizes 
the results of the observations of the licking behavior. 
Licking occurred only in combinations of NLF and LF flies. 
Further, the licking was performed only by NLF flies. Since 
NLF flies of either sex performed the licking behavior, it is 
not a sex dependent phenomenon. Also, since licking only oc¬ 
curred in the presence of LF flies, it is not solely depend¬ 
ent upon the diet of the licking fly. 
2. Description of the licking behavior. Despite the varia¬ 
tions in behavior described below, there was one common fac¬ 
tor present in all of the occurrencelicking behavior. 
That is, proboscis extension by NLF flies in the presence of 
LF flies. The variations in the licking behavior noted were 
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TABLE IV.—The effect of diet and partner on the occurrence of lick¬ 
ing in paired combinations of P. regina of various sex and diet.^ 
Source of the 
stimulus for licking 
Fly tested for the performance of licking 
LF male LF female NLF male NLF female 
LF male 0 0 + + 
LF female 0 0 + + 
NLF male 0 0 0 0 
NLF female 0 0 0 0 
^These data are based on observations of ten pairs of four to five day 
old flies of the appropriate combinations for four fifteen minute 
periods per replicate. All observations were replicated four times, 
except the all female combinations, which were replicated twice. 
0 indicates the absence of licking; + indicates the occurrence of lick¬ 
ing. 
35 
primarily differences in intensity (persistence) of the lick¬ 
ing, or the target of the licking (either the cage or the LF 
flies). 
The intensity of the licking ranged from flies that 
spent virtually the entire observation period performing some 
type of licking behavior to flies that licked intermittently 
throughout the period. During several fly:fly licking bouts, 
the NLF fly followed the LF fly persistently and continued 
licking its body and appendages despite fending off attempts 
by the LF fly. Other fly:fly licking bouts ended quickly af¬ 
ter avoidance action by the fly being licked. Despite the 
extremes of intensity of the licking behavior, all of the NLF 
flies performed some licking behavior during the period of 
combination with the LF flies. 
During the observation periods, two targets of licking 
were noted: the cage and the LF flies. Cage licking was 
different than the licking of another fly. During cage lick¬ 
ing, the flies walked erratically and appeared to be greatly 
agitated. The path of locomotion was not oriented and con¬ 
stant, except for occasional pauses for preening or apparent 
feeding movements (though no food was provided in the obser¬ 
vation cages). Throughout the periods of erratic walking, 
the proboscis was, at least, partially extended. Periodic¬ 
ally, the proboscis was lowered completely and the labellum 
contacted the substrate. At these times, the labellar lobes 
appeared to spread and the flies assumed a typical feeding 
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position. On occasion, the flies would pause at a fecal spot 
and feed. This feeding on feces as not a constant occur¬ 
rence, but did occur often enough to note. 
The other type of licking behavior, licking of another 
fly, was always directed towards an LF fly. The licking was 
not restricted to any specific area of the body, however, the 
most obvious fly:fly orientation during licking occurred when 
the licking was directed towards the anal-genital area of the 
LF fly. In the anal-genital licking bouts, the NLF fly stood 
beside or behind the LF fly and extended its proboscis to 
contact the posterior of the abdomen of the LF fly. Often, 
the NLF fly stood with its neck and proboscis extended to 
their fullest in an apparent attempt to avoid fending off ac¬ 
tions by the LF fly. Flies engaged in anal-genital licking 
followed the LF fly if it attempted to move away. In addi¬ 
tion to licking the anal-genital area of the LF flies, the 
NLF flies also licked the entire dorsum, lateral areas, and 
wings. Sometimes the NLF fly stood near to, other times upon 
the target fly. The licking bouts during which the NLF fly 
stood upon the LF fly resembled courtship attempts, however, 
there was no mating orientation by the NLF flies, nor was 
there any indication of stereotyped behavior. The fly:fly 
licking was often prolonged due to the persistence of the NLF 
fly. Licking bouts of several minutes duration occurred 
regularly. 
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Both male and female NLF flies performed licking behav¬ 
ior in the presence of LF flies. Normally, female flies 
avoid contact with other flies, and rarely initiate contacts 
(personal observation). However, the licking behavior was 
commonly performed by NLF females, towards either males or 
females, and contact was often initiated by them. 
The above described variations in the licking behavior 
made measurement of the amount of licking difficult. How¬ 
ever, during the four replicates of observations of licking 
behavior, the NLF males performed an average of 3.81 fly:fly 
licking bouts per 15 minute observation period with LF males, 
and 3.19 bouts when in combination with LF females. 
3. Contamination of the surface of LF flies with liver resi¬ 
dues . There were no apparent detrimental effects of ingest¬ 
ing the fluorescent paint. Examination of ten individual 
flies per replicate revealed that every fly examined was con¬ 
taminated with spots of fluorescence which originated only in 
the dish containing liver. 
The mapping of the fluorescent spots on the flies 
showed some variation in contamination between individuals, 
but also revealed a distinct pattern of the contamination. 
Aside from flies which had obviously fallen into the liver 
and were smeared with fluorescence, all of the flies examined 
showed spots around the anus, mouthparts, wing margins, and 
tarsi. Many flies also had spots on the notum, venter of the 
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thorax, and abdomen. Occasionally, spots were found on the 
eyes, head, and more proximal leg segments. Thus the LF 
flies were, indeed, contaminated with residues from the li¬ 
ver. 
Preliminary experiments combining NLF flies of both 
sexes with flies provided with the liver-fluorescent paint 
mixture demonstrated that the NLF flies do feed upon the 
contaminants. Both male and female NLF flies in these ex¬ 
periments had fluorescence in their gut, while their crops 
were full of clear, viscuous fluid. 
E, Fecal Feeding by NLF Males 
The results of the fecal feeding experiment are pre¬ 
sented in Figure 1. This figure represents the four quad¬ 
rants of the dishes of sugar. It should be noted that the 
flies deposit feces indiscriminately throughout the cage. 
Thus, these data are not absolute in terms of actual number 
of fecal spots deposited or consumed by the flies, but are 
indicative of what is occurring in the cage of NLF males. 
The results demonstrate that the NLF males did feed 
on the feces deposited on the dish during the first four days 
of their adult lives. During the first replicate, 14/18 fe¬ 
cal spots were consumed, while during the second replicate, 
17/39 fecal spots were consumed. Overall, 39/57 or 60.7 
percent of the fecal spots were consumed by the NLF males, 
with primarily only the smallest spots left uneaten. 
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Figure 1.—Deposition pattern and consumption of fecal 
spots on the feeding dish by NLF male P. regina on days 1-4 
after emergence. Dots represent fecal spots deposited dur¬ 
ing the first 24 hours. Solid squares represent those depo¬ 
sited during the subsequent 24 hours. The size of the symbol 
indicates the relative size of the fecal spot. Circles indi¬ 
cate spots that were consumed during the second 24 hours of 
the experiment. Open squares indicate spots that were con¬ 
sumed during the subsequent 36 hours. 
Quadrant Rep. 1 Rep. 2 
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Both chemical assays of the fecal spots were positive 
\ 
for the presence of protein. Thus, feeding upon the protein¬ 
aceous fecal spots, within the first four days of adult life, 
is a common occurrence in the cages of NLF males. 
CHAPTER V 
DISCUSSION 
A. The Requirement of a Complete Diet in Males 
Since the role of ingested proteinaceous substances in 
the reproductive biology of male insects if extremely vari¬ 
able, depending upon the species studied, this discussion is 
limited primarily to the muscoid Diptera. The literature 
concerning the requirement of a complete diet for the adult 
male in this group of flies is sparse. However, investiga¬ 
tions have been made on the effects of an incomplete diet on 
various parameters of adult life, such as longevity and re¬ 
productive biology, in males of several species of muscoid 
Diptera. Longevity of male house flies, M. domestica, is un¬ 
affected by the availability of protein (milk) in the diet 
(Gray and Berberian 1971). However, Tyndale-Biscoe (1971) 
found that feeding on dung decreased the longevity of male 
Australian bush flies, M. vetustissima. While no such stu¬ 
dies have been directed towards male P. regina, Kamal (1958) 
demonstrated that a diet of sugar and water were sufficient 
for longevity of P. regina through its reproductive period 
(ca. nineteen days) in populations of mixed sexes. 
Since growth and cell multiplication are complete at 
adult eclosion, except in the gonads, the necessity of a 
proteinaceous food source for growth and tissue building. 
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except in the gonads, is unlikely (c.f. Dethier 1969). How¬ 
ever, a complete diet may be necessary for body maintenance. 
Until the report of Stoffolano (1974), no role of liver 
feeding in the reproductive biology of male P. retina had 
been demonstrated although definite feeding preferences by 
males had been shown (Belzer 1970). Since sperm are present 
at adult eclosion (Stoffolano 1974), feeding on liver is not 
necessary for male gametogenesis. However, Stoffolano (1974) 
demonstrated an effect of liver deprivation on the develop¬ 
ment of the male accessory reproductive glands (ARG) of this 
species. 
B. The Effect of Male Diet on Percent Successful 
Insemination of Females 
The present study demonstrates a significant decrease 
in percentage successful insemination of females by NLF vs. 
LF males. This difference is evident even after three days 
of exposure to the females and the suspected liver residues 
available from them. The observed increase in percentage 
successful insemination over time by both LF and NLF males is 
not unexpected, since Kamal (1958) showed that the time to 
first copulation in this species ranged from day three to day 
seven of adult life. Day seven of adult life coincides with 
the third day of exposure to females in this study. The sim¬ 
ilarity in the rate of increase of percentage successful in¬ 
semination over time for both LF and NLF males indicates that 
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the increase in successful insemination is independent of 
male diet. Even three days of exposure to the liver resi¬ 
dues thought to be available from the LF females did not suf¬ 
fice to allow the NLF males to approximate the LF males in 
inseminating females. 
Thus, feeding on proteinaceous material is a prerequi¬ 
site for successful insemination of females by male P. 
regina, not a behavioral adaptation as reported for Musca 
vetustissima (Tyndale-Biscoe 1971), and Lucilia cuprina 
(Roberts and Kitching 1974). This is in agreement with re¬ 
sults reported for Scatophaga stercoraria L. (Foster 1967), 
Glossina morstians and G. austeni (Foster 1976), and Stomoxys 
calcitrans (Anderson 1978). 
C. The Effect of Diet on Male ARG Development 
The results of this study on the effect of liver depri¬ 
vation on ARG development are in partial agreement with those 
reported by Stoffolano (1974). The length and width of the 
glands of both treatments of males and the smaller size of 
the glands of the NLF males correspond to the data presented 
by Stoffolano (1974). The partial development of lumens in 
the ARGs of NLF males contradicts Stoffolano's report. 
The presence of a lumen and some accessory secretions 
in these NLF males demonstrates that enough secretion was 
available for sperm transfer. The lack of ARG development 
of the NLF males was not the primary cause of the decrease in 
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addition to the roles of these secretions in facilitating 
sperm transfer and inducing monocoitic behavior in the fe¬ 
males mentioned above, Leopold (1976) discussed the role of 
this material in stimulating oviposition by mated females of 
M. domestica. Further, Adlaka and Pillai (1975) demonstrated 
the necessity of male accessory secretions for fertilization 
of eggs in two species of mosquitoes. This function, however, 
has yet to be demonstrated in the muscoid Diptera. Since the 
accessory material is required for sperm transfer; acts to 
induce refractiveness to further mating, reducing competition 
of sperm from several males (c.f. Parker 1970); and stimu¬ 
lates oviposition by the female, this material is of ultimate 
importance in insuring the utilization of a male's sperm by 
the female with which it has mated. 
D. The Effect of Male Diet on Male Sexual Activity 
The significant decrease in sexual activity of NLF 
males towards LF females in this species is in agreement with 
data presented for S. stercoraria (Foster 1967), Protophormia 
terrae-novae (Parker 1968), L. cuprina (Bartell et al. 1969), 
Dacus cucurbitae (Schroeder et al. 1973), and S. calcitrans 
(Anderson 1978). 
The amount of sexual activity, measured by the number 
of O.M. per period, displayed by the LF males in both the 
homosexual and heterosexual situations did not differ signif¬ 
icantly and demonstrates that homosexual activity is a good 
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indication of the level of the mating drive in males of this 
species. In fact, it has been demonstrated that LF males 
perform approximately equal number of O.M. per period regard¬ 
less of the partner provided (unpublished data). Thus males 
of this species display an apparently endogenous level of 
sexual activity. 
The amount of sexual activity displayed by NLF vs. LF 
males in the homosexual situation was not significantly dif¬ 
ferent. However, consistent differences between the treat¬ 
ments, along with the fecal feeding of the NLF males prior to 
the observations, suggest that the protein deficiency did 
have an effect on the level of sexual activity of the NLF 
males. Similar decreases in homosexual activity due to an 
incomplete male diet have been reported in L. cuprina and P. 
terrae-novae (Bartell et al. 1969; Parker 1968). 
The level of sexual activity of the NLF males in both 
the homosexual and heterosexual situations were not signif¬ 
icantly different. However, as above, there were consistent 
differences between the two situations with NLF males per¬ 
forming fewer O.M. in the presence of LF females. The oc¬ 
currence of licking by the NLF males, indicates an effect of 
the presence of LF females on the behavior of the NLF males 
not evident with LF males. It appears that a decrease in 
mating drive due to liver deficiency and the conflicting 
stimuli presented by LF females which elicited the licking 
behavior have a cumulative effect on the NLF males. This 
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effect is manifested as the significant decrease in sexual 
activity by NLF males compared to LF males in the presence of 
LF females. 
E. Licking by the NLF Flies 
The present study is the first report of the occurrence 
of unusual feeding behavior by a non predaceous, polyphagous 
Diptera with sponging type mouthparts in an attempt to recti¬ 
fy a nutritional deficiency. Cannibalism by prey deprived 
male yellow dung flies S. stercoraria of females (Foster 
1967) and of other males (Foster personal communication) is 
an attempt to obtain a complete diet (Foster 1967). However, 
cannibalism by a predaceous insect is not unusual behavior, 
while feeding on food residues on the surface of another in¬ 
sect is highly unusual. 
In this study, licking of another fly occured only in 
combinations of LF and NLF flies and was performed only by 
NLF flies. This behavioral assay was strong evidence for 
the hypothesis that the licking observed during the observa¬ 
tions of heterosexual activity was in response to liver resi¬ 
dues on the surface of the LF females. Further support of 
the hypothesis was obtained from the examination of the sur¬ 
face of flies provided with the liver-fluorescent paint mix¬ 
ture. All of the flies examined, both males and females, 
had some fluorescence on the cuticle. Also, the pattern of 
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fluorescence corresponded to the pattern of licking noted 
previously. That is, although anal-genital licking was the 
most obvious behavior, licking of the wings, legs, and other 
body areas also occurred regularly. The presence of liver 
residues on these body areas may be due to preening activity 
of the flies. The increased locomotion and cage licking de¬ 
scribed above may have been in response to an odor such as 
skatol from the liver residues on the LF flies. Skatol is a 
by-product of protein decomposition which has been shown to 
be stimulatory to female P. regina (c.f. Dethier 1967). 
Preliminary results of a study combining NLF flies with flies 
fed on liver-fluorescent paint mixture demonstrate that after 
four to eight hours in the combination the NLF flies had fed 
upon the fluorescent material. Since all of the NLF flies 
examined had fed upon the fluorescence had crops that were 
full of sugar solution, it appears that the NLF flies were 
selectively feeding on the proteinaceous residues and not on 
carbohydrates. 
The occurrence of licking behavior demonstrates a defi¬ 
nite, endogenously controlled behavior by the males to feed 
on proteinaceous substances. This feeding on an unusual food 
source in lieu of mating with females underscores the import¬ 
ance of a complete diet to the males. Ultimately, feeding on 
liver controls the success of males in contributing to the 
population gene pool. As discussed above, the proteinaceous 
ARG material is necessary for sperm transfer, affects the 
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behavior of mated females to reduce competition between the 
sperm of several males within a female, and stimulates the 
mated female to oviposit and thus utilize the sperm. Also, 
liver feeding may activate the endocrine centers which con¬ 
trol the expression of sexual activity. Finally, liver feed¬ 
ing by the males may act as a mechanism to synchronize the 
maturation of the sexes and act as a means of aggregating 
the sexes for mating, as suggested by Tyndale-Biscoe (1971). 
F. Fecal Feeding by NLF Males 
The occurrence of fecal feeding by NLF male P, regina 
points out a potentially serious problem in studies of the 
effect of an experimental nutritional deficiency on male 
muscoid Diptera. The fecal feeding observed was restricted 
to a small area of the cage. Far more fecal spots, thus more 
proteinaceous material, was available to the NLF males. 
This problem is especially serious in polyphagous 
species with relatively unspecialized sponging mouthparts. 
V 
Since these species are capable of feeding on many water 
soluble food sources, an unusual food source, such as feces, 
may be utilized by the flies without being noticed. A com¬ 
plete diet has not been found to be necessary in the repro¬ 
ductive biology M. domestica (Sacca and Benetti 1960), L. 
cuprina (Bartell et al. 1969), M, vetustissima (Tyndale- 
Biscoe 1971), M. autumnalis (Chaudhury and Ball 1973), and 
R. pomonella (Webster and Stoffolano 1978). These species 
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all possess sponging mouthparts and feed on a variety of food 
sources. A complete diet has been found to be necessary in 
the reproductive biology S. stercoraria (Foster 1967), D. 
curcubitae (Schroeder et al. 1973), P, regina (Stoffolano 
1974), G. morsitans and G. austeni (Foster 1976), and S. 
calcitrans (Anderson 1978). With the exception of P. regina 
and D. curcubitae, all of these species have mouthparts modi¬ 
fied for piercing animal tissue and imbibing body fluids. 
All of the above mentioned studies have included strict pre¬ 
cautions to prevent the contamination of the cages of the 
nutritionally deprived flies with any exogenous food source. 
Prevention of contamination of the cages of experimental 
males with exogenous food services is of obvious importance 
in these studies, since males require far less proteinaceous 
material than females for reproductive maturation (c.f. 
Dethier 1961 and Roberts and Kitching 1974). The fact that 
the species in which males have been shown to be autogenous 
all possess sponging mouthparts and are polyphagous, sug¬ 
gests that fecal feeding may be providing small amounts of 
nutrients to the nutritionally deprived males and masking the 
true consequences of the experimental nutritional depriva¬ 
tion. 
Although feeding upon an unusual food source is not 
widely documented, it is probably a widespread occurrence, 
especially in nutritionally deprived experimental animals. 
Such a phenomenon has been reported in vertebrates (c.f. 
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Rozin 1976). Foster (1967) reported that prey deprived 
male yellow dung fly, S. stercoraria resort to cannibalism of 
conspecific females and other males (Foster, personal com¬ 
munication) . While feeding on conspecific individuals, 
especially females, to fulfill a nutritional requirement is 
unusual, its occurrence was noticed due to the predatory 
behavior involved. In P. regina, however, the acquisition of 
nutrients other than those provided by the investigator was 
more surreptitious. The absence of fecal spots or the act of 
feeding on feces in the dish of sugar is not likely to be no¬ 
ticed. Thus, presumably nutritionally deprived males of 
species with sponging mouthparts may, in fact, be obtaining 
additional nutrients from this unusual source. If this is 
the case, many cases of autogeny in males may be attributed 
to the effects of fecal feeding. Also, the differences re¬ 
ported between males fed a complete diet and nutritionally 
deprived males of anautogenous species may be minimized due 
to the fecal feeding. Thus male diet may have a more pro¬ 
found effect than presently reported. 
Another implication of this study is that absolute eli¬ 
mination of proteinaceous substances from the diet of poly- 
phagous insects with sponging mouthparts is not possible. In 
studies of the effect of nutritional deprivation on male re¬ 
productive biology, the number of males per cage, thus the 
amount of feces available may be critical. More effort 
should be directed towards quantification of the dietary 
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requirements of males, quantification of the amount of pro¬ 
tein in the insects’ feces, and determination of the pre¬ 
valence of fecal feeding in nutritionally deprived experimen¬ 
tal animals. 
CHAPTER VI 
GENERAL SUMMARY 
1. The effects of incomplete diet on the reproductive 
biology of male Phormia regina were investigated. 
2. Liver deprivation of males led to a significant 
decrease in their percent successful insemination of liver 
fed, sexually mature, virgin females when four day old flies 
were placed together for one, two or three days. 
3. The insemination rate of females by both dietary 
treatments of males increased significantly with length of 
exposure. 
4. The increases in percent successful insemination 
over exposure time to females were not significantly differ¬ 
ent between dietary treatments of males. Therefore, the ex¬ 
posure of non liver fed males to proteinaceous residues from 
the liver fed females were not the cause of the increased 
success of the non liver fed males over time of exposure. 
5. The pattern of development of the male accessory 
reproductive glands was different for both dietary treatments 
for the first twelve days of adult life. 
6. Diet did affect the development of the male acces¬ 
sory reproductive glands. The glands of the non liver fed 
males developed a small lumen (ca. one third of the total 
gland width). In contrast, the liver fed males developed 
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glands with large lumens (ca. three-quarters of the total 
gland width). 
7. Observations of sexual activity of both dietary 
treatments of males in combination with sexually mature, vir¬ 
gin females revealed that the liver fed males were ca. six 
times as sexually active as the non liver fed males. 
8. Observations of the sexual activity of both dietary 
treatments of males in all male situations revealed that the 
amount of sexual activity displayed by the two categories of 
males was not significantly different. Thus, the significant 
difference in sexual activity between dietary treatments of 
males with sexually mature, virgin females was not entirely 
due to an intrinsic decrease in mating drive associated with 
an incomplete diet. 
9. One primary factor causing the significant decrease 
in sexual activity of non liver fed males with sexually ma¬ 
ture virgin females was found to be the occurrence of an un¬ 
usual licking behavior performed by the males. 
10. Observations of all possible paired combinations 
of four day old, non liver fed or liver fed, male or female 
flies revealed that the licking behavior was performed only 
by non liver fed flies. Further, licking only occurred in 
the presence of liver fed flies and was often directed to¬ 
wards them. The sex of the flies in the combination was not 
a factor in the occurrence of licking. The licking behavior 
is also described. 
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11. The importance of liver feeding to male reproduc¬ 
tion via accessory gland secretions is discussed and the 
licking behavior is explained as a mechanism used by the non 
liver fed males to obtain the necessary nutrient. Mixing 
fluorescent paint with the liver and subsequent examination 
of the flies provided with the mixture revealed that these 
flies had small amounts of fluorescence on their bodies. The 
pattern of the fluorescence correlated with the previously 
described pattern of licking by non liver fed flies. 
12. Experiments demonstrated that non liver fed males 
fed upon feces in the holding cages prior to their use in in¬ 
semination or sexual activity experiments. This fecal feed¬ 
ing is a behavioral modification to rectify their nutritional 
deficiency. Qualitative chemical analyses of the feces re¬ 
vealed that they were proteinaceous. Thus these males were 
not totally restricted to a diet of carbohydrates and water. 
The fecal feeding prior to experimentation may minimize the 
observed differences between liver fed and non liver fed 
males. 
CHAPTER VII 
CONCLUDING REMARKS 
A widely accepted ethological principle is that the 
evolution of behavior in a species is subject to the same 
selective pressures that affect the evolution of morpholog¬ 
ical characters and physiological processes (c.f. McFarland 
1976). Thus, the occurrence of a protein hunger drive early 
in the adult life of an insect which requires protein for re¬ 
production is hardly surprising. Even in species in which 
the males are nutritionally autogenous, protein feeding 
preferences may occur if such behavior has evolved to become 
a mechanism to bring the sexes together at an oviposition 
site. Such a situation has been proposed for Musca 
vetustissima (Tyndale-Biscoe 1971) and for Lucilia cuprina 
(Roberts and Kitching 1974). 
Male P. regina demonstrate definite protein motivated 
behavior early in their adult life as evidenced by the in¬ 
creased ingestion of protein after protein deprivation 
(Belzer 1970) , as well as the licking behavior and fecal 
feeding by protein deprived males during the present study. 
The present study also demonstrated decrease in the mating 
activity of the NLF males. 
These data suggest the evolution of a temporal pattern 
in male P, regina such that protein feeding occurs prior to 
the full expression of mating activity. The biological 
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implications of such a temporal pattern have already been 
discussed (see page 43) . However, a genetically controlled 
temporal pattern of behavior must provide for some degree of 
flexibility for individual survival in an unpredictable en¬ 
vironment, and is only one factor controlling an individual's 
behavior. 
The endogenous factors involved in regulating behavior¬ 
al choices of individuals in their complex environment are 
termed motivation. Thus the outcome of conflict situations 
(i.e., situations where stimuli for two opposing behaviors 
are present) may be a measurement of the individual's moti¬ 
vational state and the relative strengths of the motivations. 
The results of the present study open a new avenue of 
investigation in the area of insect behavior. Until now, the 
study of motivated behavior and its associated behavioral 
phenomena has been restricted, primarily, to vertebrates. 
This is because the techniques thus far have been developed 
for use with vertebrates and because most assays which are 
currently employed require some learning by the experimental 
animal (c.f. Dethier 1966). However, the lack of the ability 
to learn or manipulate apparatus do not preclude the occur¬ 
rence of motivated behavior. Therefore, new techniques need 
to be developed to suit the insects as experimental animals, 
rather than attempting to test insects with techniques de¬ 
signed for vertebrates. 
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The licking behavior of NLF male P. regina in the pre¬ 
sence of liver fed flies not only demonstrates a specific 
feeding drive in the males and implies the importance of 
proteinaceous substances in their reproductive biology, but 
also may prove to be an important tool in investigating as¬ 
pects of motivated behavior such as: behavioral inhibition, 
hierarchical organization of behavior, and competition be¬ 
tween behavioral systems. By utilizing all NLF males, and 
contaminating some with known quantities of proteinaceous 
extracts, the responses of uncontaminated flies (mounting vs. 
licking) to various known quantities of extract could be 
measured. Such a technique may provide a means of measuring 
the drive using parameters such as amount of adversity with¬ 
stood (kicking by the fly being licked), amount of work done 
(following another fly), time spend licking, or possibly ad¬ 
ditional parameters. Measurements of licking vs. other be¬ 
haviors, especially mating, under controlled conditions of 
contamination with proteinaceous substances may provide evi¬ 
dence of priorities of behavior, and behavioral inhibitions 
in these insects. 
These types of studies, in combination with the vast 
amount of available information concerning the feeding be¬ 
havior of this species, may make P. regina the model system 
of choice in a new area of investigation in the field of in¬ 
sect behavior. Such studies will lead to a better under¬ 
standing of insect behavior in terms of phenomena previously 
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restricted to vertebrates, and provide for better predictive 
capabilities of behavior of individuals in known circum¬ 
stances. 
Thus, the present study has not only elucidated several 
effects of ingested protein on the reproductive capabilities 
of male P. regina, but also has provided a potentially useful 
new tool for the study of insect behavior. 
The author would like to make one final concluding re¬ 
mark concerning a point which has been the source of great 
consternation. That is, the prevalent use of the term "pro¬ 
tein" in the literature concerning the effects of male diet 
on male reproductive biology. "Protein" or "protein source" 
have been used synonymously with such diverse substances as 
dung, milk, prey, blood, malt extract, yeast, brain-heart 
extract plus salt and sugar, liver, and liver exudates. 
Clearly, dung is not equivalent to milk in its composition 
and neither is it solely protein. All of these so called 
"protein sources" are composed of a complex mixture of sub¬ 
stances including proteins as well as carbohydrates, fats, 
sterols, inorganic ions, vitamins, etc, almost ad infinitum. 
While no one is naive enough to think that these "pro¬ 
tein sources" are pure protein, the term "protein," even 
though used in a generic sense to describe a species' parti¬ 
cular source of nutrients, other than carbohydrates, implies 
a 
purity of composition to the reader. An urgent need exists 
for improved terminology in the literature. 
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This is an especially serious situation in light of 
the recent work of Pappas and Fraenkel. These investigators 
V 
have demonstrated that pure protein does not suffice for 
ovarian development in female P. regina and Sarcophaga 
bullata (Pappas and Fraenkel 1977). The currently accepted 
use of "protein" synonymously with liver, dung, etc. has been 
the cause of great chagrin to this investigator. 
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